INTRODUCTION
Invasive diagnostic and therapeutic procedures in patients with obstructive jaundice are associated with high morbidity and mortality, due to the development of complications, such as renal failure, sepsis, coagulation disorders and impaired wound healing."2
The high incidence of these complications has prompted much research into the underlying pathophysiological mechanisms responsible for their development and also into various potential therapeutic strategies aimed at reducing their incidence. Proposed aetiological factors include the presence of potential toxic substances in the circulation, such as bilirubin and bile salts, overt or latent hypovolaemia, hypotension, and impaired nutritional status3-5. However, since Wardle and Wright demonstrated an association between the presence of endotoxaemia and renal failure in obstructive jaundice6, endotoxin has been increasingly implicated in the pathophysiology of the complications seen in jaundiced patients.
It is currently postulated that there are two major contributing factors in the development of endotoxaemia in obstructive jaundice. One is impaired gastrointestinal barrier function allowing permeation of bacteria and endotoxins into the portal circulation and the lymphatic drainage system of the gut.7'8 The other is impaired reticuloendothelial cell phagocytic function resulting in reduced clearance of bacteria and endotoxin9"0, thereby allowing "spillover" of endotoxin into the systemic circulation with the subsequent development of systemic complications ( Figure 1 ). The intestine performs many functions, including the complex processes of digestion, selective absorption, secretion and immune modulation. In addition, it normally prevents bacteria contained within the lumen of the gut from escaping and invading systemic organs and tissues. When indigenous bacteria or endotoxin pass from the gut lumen to normally sterile extraintestinal sites, such as the mesenteric lymph nodes, liver, spleen, peritoneal cavity and bloodstream, the process is known as bacterial translocation and its occurrence implies gut barrier failure". A significantly higher incidence of septic complications has been shown in patients who have evidence of bacterial translocation at the time of laparotomy (28%) compared to those who do not (11%).12 The integrity of the mucosal barrier can also be assessed by measuring intestinal permeability. Increased permeability implies functional impairment of the intestinal mucosal barrier and has been shown in burn patients to be a significant risk factor for the development of sepsis. '3"14 The aim of these studies was to investigate gut barrier function in an experimental model of biliary obstruction and in jaundiced patients. The incidence of bacterial translocation was examined following bile duct ligation in rats, and factors known to promote this phenomenon were studied. Changes in intestinal permeability were also determined in this animal model and in patients with obstructive jaundice. In addition, the effect of internal biliary drainage on intestinal permeability was assessed in the clinical setting.
ANIMAL STUDIES
Adult female Wistar rats (250 -300g) were used in the following series of studies. Experimental extrahepatic obstructive jaundice was produced using the method described by Lee'5 Rats were assigned to one of three groups: no operation (n=8), bile duct ligation (n=ll) or sham operation (n=10). One week following intervention, the animals were anaesthetised and laparotomy was performed. Segments of bowel were harvested from the following sites: 5 cm distal to the gastric outlet (jejunum), 5 cm proximal to the caecum (ileum), the caecum itself and the transverse colon. The bowel was opened along its length and immediately fixed in formalin. After fixation, segments were embedded in paraffin wax and 5,um sections were then cut and stained with haematoxylin and eosin. Histological evaluation was performed by an independent pathologist. Well-orientated sections showing good preservation of structure and cytological detail were selected for morphometric assessment using a computerised image analysis system.
There was no obvious breach or gross ulceration of the mucosa in any of the animals studied. Morphometric assessment showed no difference in mucosal measurements in the jejunum, caecum or colon. However, significant morphological changes were demonstrated in the terminal ileum of jaundiced rats compared with the control groups of animals ( Table  1 ). The reduction of total mucosal thickness observed in this study largely reflected a significant decrease in villus height. Bacterial translocation following bile duct ligation has been reported by others21-24, However, the mechanisms by which bacteria escape from the intestinal lumen remain to be clearly defined. Deitch, has proposed three factors which may promote this process, namely, disruption of the indigenous gut microecology, physical injury of the gut mucosa and impairment of host immunity. 25 Absence of intraluminal bile may be responsible for these findings. Bile salts are known to inhibit the growth of intestinal bacteria both in vitro and in vivo26,27 and, therefore, their absence may allow overgrowth of certain species of bacteria and thus promote the likelihood of that species translocating from the gastrointestinal tract. In addition, Iwasaki and Tanikawa reported that bile salts had anti-endotoxin effects by breaking down the endotoxin molecule into subunits and forming unabsorbable micellar aggregates.28 Therefore, loss of the emulsifying properties of intraluminal bile salts could result in a larger pool of endotoxin available for translocation into the portal circulation. Bile is also known to promote cell proliferation and has a trophic effect upon intestinal mucosa.29'3' Hence, absence of intraluminal bile may also contribute to the morphological changes demonstrated following bile duct ligation.
To date, there has been no evaluation of intestinal permeability in obstructive jaundice. The finding of significantly increased intestinal permeability in the experimental study was confirmed in the clinical study and this provides the first reported evidence of gut barrier dysfunction in jaundiced patients.
In the clinical study, intestinal permeability was increased on the first postoperative day in both jaundiced and nonjaundiced patients. This increase was more marked in patients who underwent surgical intervention than in those who had non-operative biliary decompression, and this may reflect a further endotoxin challenge to intestinal barrier function through exposure of the peritoneal cavity to endotoxin in the air at laparotomy40. By the seventh postoperative day the lactulose / mannitol ratio had returned to preoperative levels. More importantly, in patients with jaundice, the intestinal permeability index continued to fall and after 28 days of internal biliary drainage had returned to normal.
In conclusion, these studies demonstrate evidence of impaired intestinal barrier function following experimental biliary obstruction with significant bacterial translocation and increased intestinal permeability. There was also significantly increased intestinal permeability in jaundiced patients which returned to normal after 28 days of internal biliary drainage. This suggests that return of bile to the gastrointestinal tract may improve intestinal barrier function and reduce the incidence of gut-derived sepsis or other complications associated with endotoxaemia in obstructive jaundice.
